The human diet contains industrial-derived, endocrine-active chemicals and higher levels of naturally occurring compounds that modulate multiple endocrine pathways. Hazard and risk assessment of these mixtures is complicated by nonadditive interactions between different endocrine-mediated responses. This study focused on estrogenic chemicals in the diet and compared the relative potencies or estrogen equivalents (EQs) of the daily consumption of xenoestrogenic organochlorine pesticides in food (2.44 pg/day) with the EQs in a single 200-mI glass of red cabernet wine. The 
receptor (1) (2) (3) (4) (5) . Many of the more important classes of persistent organochlorine (OC) pollutants bind to these three receptor systems (6, 7) and it has been hypothesized that some of these compounds may be responsible for reproductive problems in wildlife, decreased male reproductive capacity, and breast cancer in women (1) (2) (3) (4) (5) . The validity of these hypotheses has been questioned (8) (9) (10) and ongoing research will help resolve these complex issues.
Environmental estrogens or xenoestrogens have been a major focal point of concern because in utero exposure to estrogenic compounds such as the drug diethylstilbestrol can adversely affect both male and female offspring; moreover, lifetime estrogen exposure is a known risk factor for breast cancer in women (11, 12) . The human diet contains a highly complex mixture of different endocrine-active chemicals including estrogenic flavonoids, lignans, sterols, and fungal metabolites in vegetables, fruits, nuts, and grain-derived products (13) (14) (15) . Levels of xenoestrogens in the diet have not been fully described; however, at least seven OC contaminants have been identified in the U.S. Food and Drug Administration (U.S. FDA) market basket survey (16) and these include 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (p,p'-DDE), 1,1,1-trichloro-2-(p-chlorophenyl)-2-(o-chlorophenyl)ethane (o,p'-DDT), p,p'-methoxychlor, endosulfan-1, endosulfan-2, toxaphene, and 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (p,p'-DDT). The daily intake of this pesticide mixture is approximately 2.44 pg/day.
The estrogenic activity of these compounds has been confirmed in some assays (6, 
Results
The results illustrated in Figure 1 show that unlabeled E2 and the chablis and cabernet wine extracts competitively displaced [3H]E2 from the mouse uterine ER, whereas the whiskey extract and the highest concentration of the OC mix did not significantly displace the radiolabeled hormone. The whiskey extract was inactive in all of the assay systems and additional results for this extract are not presented in this study. The effects of the wine extracts and the OC mix on proliferation of ER-positive T47D breast cancer cells were determined in this study using assay procedures previously described (23) . The results in Figure 2A Figure 2B ). Similar results were obtained with the chablis wine, whereas the more highly estrogenic cabernet wine extract was not antiestrogenic in this assay (data not shown).
The results summarized in Figure 3 also show that the red cabernet was significantly more estrogenic than the chablis wine or the OC mix in MCF-7 cells transiently transfected with pCKB-CAT or pCATH-CAT. These results complement the effects of these mixtures on proliferation of T47D ( Figure 2 ) and MCF-7 cells (data not shown).
The results in Figure 4 summarize the effects of the individual OC pesticides and the OC mix on induction of Luc activity in HepG2 cells transiently cotransfected with hER (human), ER-a (rat), and ER-1 (rat) expression plasmids. The results show that all of the OC pesticides and the OC mix were active in the HepG2 cell assays. There were only minor differences in activities of individual pesticides using the different ER expression plasmids. The HepG assay system was more sensitive to the estrogenic A U ae *4 *g. h. activity of the OC pesticides and reconstituted mixture than the other in vitro assays used in this study (Figures 1-3 ) or in the yeast-based assay system (18) . The estrogen equivalents (EQs) for the highest concentration of the OC mix and red cabernet wine extract could be estimated by comparing their estrogenic activity to that observed for E2 alone. The EQ values derived from all assays for extracts of red wine (200 ml) varied from 0.15 to 3.68 pg/day, whereas values for the OC mix were < 1.24 ng/day (Table 1 ).
Discussion
The human diet contains relatively high levels of estrogenic compounds, particularly the bioflavonoids, which are ubiquitous in fruits, nuts, vegetables, and grain products. Kuhnau (13) Figure 3 . Induction of chloramphenicol acetyltransferase activity in MCF-7 cells after treatment with 170-estradiol, the organochlorine pesticide mixture, and wine extracts. DMS0, dimethylsulfoxide. MCF-7 cells were transiently transfected with 4 or 5 pg hER and 10 pg CKB-CAT or 5 pg CATH-CAT constructs and treated with various mixtures. CAT activity was determined as described (22) . The designations of 10/1 and 100/1 are concentration factors for the reconstituted wine extracts and represent the equivalents of 1 and 10 ml of wine added to each plate, which contains 10 ml media. The Gavaler and co-workers (27) (28) (29) (30) (31) (32) (33) have previously investigated the estrogenic activity of bourbon and bourbon extracts in both in vivo and in vitro models. Bourbon extracts contain estrogenic flavonoids and sterols that bind to the ER, and after administration to ovariectomized rats, there was an increase in uterine wet weight and decreased plasma luteinizing hormone (LH) levels. These data clearly demonstrate an in vivo estrogenic response. The estrogenic activity of bourbon extracts was also confirmed in clinical studies in which bourbon extracts (equivalent to greater than three drinks/day) were administered to four postmenopausal women for 28 days. LH and folliclestimulating hormone levels decreased and prolactin, high-density lipoprotein cholesterol, and steroid hormone-binding globulin levels increased during the treatment but returned to background levels after 5 weeks (1 week postexposure). It was also reported that white chablis and red cabernet wines also competitively bound to the ER, and similar results were obtained in the present study (Figure 1 ). In contrast, the OC mix did not competitively bind to the mouse ER and therefore the comparative estrogenic potency of wine extracts and the OC mix were investigated in multiple assays.
Results of this study demonstrate that the red cabernet wine extract was active in all bioassays whereas with the exception of the ER-binding assay, white wine extracts exhibited lower estrogenic activity than the red cabernet, and the whiskey extracts were inactive. The OC mix exhibited estrogenic activity in the HepG2 
